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Persistent localized activity in neural networks has
been suggested to serve as the neural substrate of
short-term memory [1]. Neural-field models [2] pro-
vide a powerful tool to study the existence, uniqueness
and stability of this type of activity. Bump solutions
are often considered as an example of localized activ-
ity. In [3], it has been shown that a two-population
neural-field model (Fig.1A) exhibits up to two coexist-
ing bump-pair solutions in the presence of homoge-
neous external input (or in the absence of external
input). Here, we show that the same system can gener-
ate up to four coexisting bump pairs if the external
input is spatially localized.
In general, neural-field models are formulated in
terms of Volterra-equation systems or systems of
integro-differential equations. The dynamics of bump
(pulse) solutions is often studied in a simplified frame-
work by means of ordinary differential equations
describing the time evolution of the pulse widths
(Amari approach, see [4]).
It has been proven that in the absence of external
input this simplified pulse-width system gives the cor-
rect prediction with respect to the linear stability of sta-
tionary solutions, with one notable exception. It is often
conjectured that the Amari approach might correctly
predict also nonlinear aspects of the dynamics (bifurca-
tion analysis). Here, we show that the Amari approach
fails in the presence of spatially localized external input:
the criteria for linear-stability of bumps in the pulse-
width system do not coincide with those obtained for
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Figure 1 A. Sketch of the two population neural field model with excitatory (he) and inhibitory (hi) external inputs. B. Persistent excitatory
activity (Ue) switched on and off by a brief external input pulses. Inhibitory activity behaves in a similar way.
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the full system. Therefore, for localized external input
the analysis must rely on the full system.
We determine fixed-point solutions and their stability
analytically and illustrate the results by means of numer-
ical simulations. Further, we numerically show that per-
sistent localized activity in a two-population neural-field
model can be switched on and off by means of brief
external-input pulses localized in space in and time (see
Fig 1B).
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